In order to study the tenderization mechanism of ATP treatments by depolymerizing actin filaments, breast muscles of Eastern Zhejiang White Geese were randomly divided into 3 groups: control, 10 and 20 mM groups. Shear force (SF), sarcomere length (SL) and myofibrillar fraction index (MFI), the content of F-actin and G-actin, the expression of actin associated proteins (cofilins and tropomodulins) were investigated during conditioning. In 20 mM group, cofilins content increased from 48 to 168 h, while tropomodulins decreased; the content of F-actin decreased from 24 to 168 h, while the increased G-actin was observed upto 48 h. In the control, the degraded tropomodulins were observed at 168 h, and the increased cofilins and G-actin were detected at the same time; the increase of MFI and decrease of F-actin content were shown at 96 and 168 h. Compared to control group, 20 mM group accelerated the transformation of F-actin into G-actin; it showed higher SL and MFI, and lower SF at 48, 96 and 168 h, respectively. We concluded that depolymerization of actin filaments, which was regulated by cofilins and tropomodulins, contributed to myofibrillar fraction and low SF during conditioning.
INTRODUCTION
The exploration of the complex processes that influence meat tenderness will provide clues toward improving meat quality, since tenderness is a highly valued consumer characteristic (Wezemael et al., 2014) . Previous studies indicated that tenderness development was dependent on the architecture and the integrity of skeletal muscle cells (Uytterhaegen et al., 1994) . During the conversion of muscles to meat postmortem, degradation of specific proteins has been identified. Degradation of cytoskeletal proteins (titin, nebulin, and troponin-T), which are located at the periphery of the Z-line, disrupted the integrity of the myofibrils. These proteins, which are able to directly interact with scaffold of the myosin and actin filaments, play key roles in the relaxation of myofibrillar filaments and the change of sarcomere length (Komiyama et al., 1992) . Degradation of these proteins could initiate further physicochemical and structural changes that result in myofibril fragmentation and tenderization (Lonergan et al., 2010) . Although research has indicated that the relaxation of myofibrillar filaments has been considered to cause the tenderization indirectly, the relationship between C 2017 Poultry Science Association Inc. Received January 25, 2017. Accepted September 29, 2017. 1 Corresponding author: caojinxuan@nbu.edu.cn the direct depolymerizing progress of myofibrillar filaments and the development of tenderness has not been evaluated. There was no attention on the arrangement and dynamics of actin filaments during the postmortem physiological changes of myocytes. Practically no literature is available on the mechanism of depolymerization of actin filaments during postmortem conditioning.
Actin, being in all of the eukaryotic species and cell types, is the major protein in myofibrillar filaments and regulates various cell functions such as muscle contraction, cell motility, and cell division (Pandey, 2015) . It exists as a dynamic equilibrium mixture of 2 forms: polymeric filamentous actin (F-actin) and monomeric globular actin (G-actin) (Ohno et al., 2013) . In muscle cells, actin and myosin filaments, together with a large number of scaffolding and regulatory proteins, are arranged into regular sarcomeres (Ono, 2014) . Muscle contraction depends on sarcomeres and requires the splitting of adenosine triphosphate (ATP) in order to meet energy requirements (Kushmerick et al., 1992) . Due to the lack of oxygen supply and the high rate of ATP consumption, the ATP concentration generating postmortem can supply only a few twitches (BateSmith and Bendall, 1950) . As the consumption of ATP exceeds its synthesis from glycolysis, the irreversible formation of actomyosin crossbridges increases muscle tension. Okitani et al. (2008) reported that exogenous ATP treatments could dissociate actomyosin of chicken, bovine, and porcine skeletal muscles and keep muscle in the relaxed status. Furthermore, hydrolysis of ATP is directly involved in transformation between G-actin and actin filament. Stukalin and Kolomeisky (2006) demonstrated that the ATP hydrolysis had a strong effect on depolymerizing properties of single actin filaments. However, the effect of exogenous ATP treatment on the disassembly of actin filaments of myofibrils is still unclear during postmortem conditioning. Especially, the ATP marination on the direct depolymerizing progress of actin filaments of myofibrils has not been investigated.
The objective of the present study was, therefore, to investigate the effect of ATP treatments on sarcomere length (SL), myofibrillar fraction index (MFI), and shear force (SF), F-actin and G-actin contents, and expression levels of cofilins and tropomodulins (Tmods), and to study the depolymerizing mechanism of actin filaments of myofibrils during goose postmortem conditioning.
MATERIALS AND METHODS

Treatments and Sampling
Thirty-six 75-day-old male Eastern Zhejiang White geese with live weight of 4,025 ± 35 g were slaughtered from a local processing plant. After 15 min of animal exsanguinations, part of the left breast muscles from 36 birds was taken and cut to 4 × 36 strips (2 × 1 × 1 cm for each) parallel the fiber direction; the other part of the breast muscles from 36 birds was taken and cut to 3 × 36 cubes (0.8 cm 3 for each) parallel the fiber direction. A total of 144 strips and 108 cubes were sampled from 36 birds. The 126 strips and 75 cubes from 36 birds were randomly selected, and then divided into 3 equal groups. Forty-two strips and 25 cubes were marinated in 20 mM ATP (Adamas Reagent Co., Shanghai, China) solutions at 4
• C for 0.5 h; 42 strips and 25 cubes were marinated in 10 mM ATP solutions at 4
• C for 0.5 h; the rest of 42 strips and 25 cubes were marinated in distilled water at 4
• C for 0.5 h as control group. The 0 h samples (7 strips and 5 cubes of each group) were defined as samples that drained and obtained immediately at the end of marination. Then, the rest of trips and cubes were drained, transferred to plastic trays, enclosed with a low-density polyethylene plastic film [oxygen, carbon dioxide, and water vapor transmission rates of the film were 14,483 cm 3 /(m 2 × 24 h × atm), 63,683 cm 3 /(m 2 × 24 h × atm) and 54 g/(m 2 × 24 h), respectively] and stored at 4
• C for 168 h. At each point (0, 4, 24, 48, 96 , and 168 h), 7 strips of each group were taken immediately. Shear force samples (10 mm × 10 mm × 10 mm) were made from 7 strips in each of point parallel the fiber direction; the rest of samples were frozen in liquid nitrogen and stored at −80
• C until being used for G-actin, F-actin, cofilins and Tmods contents and myofibril fragmentation index (MFI) measurement. The 5 cubes of each group at 0, 24, 48, 96, and 168 h were also taken and saved in 2.5% glutaraldehyde for sarcomere observation in room temperature, respectively.
Shear Force Measurement
Shear force measurement was done as described by Marino et al. (2013) with slight modification. The fiber direction of the strips for analysis was parallel to the fiber direction. Shear force samples were individually placed in plastic bags and cooked by immersion in a water bath at 85
• C until they reached an internal temperature of 75
• C. The peak force values (kg) were determined by placing the strips perpendicular to the longitudinal axis of the muscle fibers under Warner-Bratzler shear blade on XL1155 equipment (Xielikeji Co. Ltd, Herbin, China). The average peak force values of 7 measurements from each sampling were considered as shear force values.
Sarcomere Length Measurement
The preparation of sarcomere was done as described previously by Huang et al. (2011) with slight modification. Transmission electron microscope (TEM) samples were cut into 0.5 mm × 0.2 mm × 1 mm sections from cubes (0.8 cm 3 ) parallel the fiber direction and fixed with 2.5% glutaraldehyde in 10 mM PBS (137 mM NaCl, 2.7 mM KCl, 4.3 mM Na 2 HPO 4 , 1.4 mM KH 2 PO 4 , pH 7.4) at 4
• C for overnight. Then the samples were washed 3 times in 10 mM PBS and then fixed in 2% osmium tetroxide for 2 h, after which they were rinsed briefly in 2% sodium acetate. A blocking stain with 2% uranyl acetate in water was used for 1 h, and was kept in a foil-covered bottle in a fume hood. Dehydration was performed in ethanol: 50% for 10 min; 75% for 10 min and at this stage the tissue was left overnight, covered at room temperature; 95% for 10 min; 100% (dry) for 10 min; 100% (dry) for 20 min. Ultra-structural changes of myofibrils were observed and photographed using a TEM H-7650 (Hitachi Ltd., Tokyo, Japan) operated at 80 kV. There were 7 fields taken from the randomly selected areas at every sample point. Every photo at least 5 sarcomeres was measured by Image-Pro Plus 6.0 (Media Cybernetics). There were carried out 515 (3 groups × 5 sample points × 7 fields × 5 sarcomeres) measurements in all.
Myofibrillar Fraction Index Measurement
The measurement of myofibrillar fraction index (MFI) was done as described previously by Hopkins et al. (2004) with slight modification. Samples (0.5 g) avoiding any visible fat or connective tissue were taken and homogenized in 10 mL of ice cold buffer (0.1 M KCl, 1 mM EDTA, 1 mM sodium azide (NaN 3 ), 7 mM KH 2 PO 4 and 18 mM K 2 HPO 4 , pH 7.0) at 4
• C with a DY89-I high speed homogenizer (Scientz Co., Ningbo, China) for 3 × 10 s at 10,000 rpm. After homogenization, the myofibril suspensions were filtered through mesh strainers with 1 mm 2 holes (Culina, UK) into 50 mL centrifuge tubes to remove connective tissue. The suspensions with 10 mL of cold buffer filtrated through the mesh strainers with 1 mm 2 holes again. The filtrates were centrifuged at 1,000 × g for 20 min at 4
• C with a refrigerated centrifuge (Hunan Xiangyi Laboratory Instrument Development Co., Changsha, China). The pellets of myofibrils were re-suspended in 10 mL of ice cold buffer, vortexed, and centrifuged again. This process was repeated twice and the pellet finally re-suspended in 10 mL of ice-cold buffer. The protein content of supernatant was determined using a bicinchoninic acid (BCA) protein assay kit (Thermo Fisher Scientific, Waltham MA). The absorption was measured at 562 nm using with a 96-Well Plate Reader M200 (Tecan, Austria). A bovine serum albumin standard curve was used. Aliquots of the suspensions were diluted in buffer to a final protein concentration of 0.5 mg/mL. The diluted suspensions were poured into a cuvette and mixed. The absorbance measured immediately at 540 nm using a 96-Well Plate Reader M200 (Tecan, Austria). The mean of 6 absorbance readings was multiplied by 150 to give index values for myofibrillar fragmentation termed MFI.
Preparation and Determination of F-actin
The F-actin contents were determined as described previously by Cano et al. (1991) with slight modification. Muscle sample (0.5 g) was homogenized in 5 mL of lysis buffer containing 2 mM MgCl 2 , 5 mM EGTA, 1.2 M KCl, 1% (v/v) NP-40, 10 mM β-glycerophosphate, 10 mM Hepes, 5 mM ATP and 1 mM phenylmethylsulfonyl fluoride (PMSF) with a DY89-I high speed homogenizer (Scientz Co., Ningbo, China) for 3 × 10 s at 10,000 rpm while cooled in ice. The homogenates were incubated in 200 μL of 0.6 μM FITC-phalloidin at 4
• C for 2 h. The samples were centrifuged at 80,000 × g for 60 min at 4
• C in ultracentrifuge (Beckman Instruments, Inc., Palo Alto, CA). The pellet was extracted for 24 h in 1 mL of methanol. The fluorescence of extracted solution was continuously monitored at 540 nm and 575 nm as excitation and emission wavelengths, respectively, using a 96-Well black Plate Reader M200 (Tecan, Austria). Arbitrary unit (a.u.) was defined as arbitrary intensity of fluorescence per gram of muscle tissue at room temperature.
Preparation of G-actin
The G-actin was extracted as described previously by Cano et al. (1991) with slight modification. Muscle sample (1.0 g) was homogenized in 8 mL of lysis buffer containing 2 mM MgC1 2 , 5 mM EGTA, 0.6 M KCl, 10 mM β-glycerophosphate, 10 mM Hepes, 5 mM ATP and 1 mM PMSF with a DY89-I high speed homogenizer (Scientz Co., Ningbo, China) for 3 × 10 s at 10,000 rpm while cooled in ice. It was centrifuged at 6,000 × g for 20 min at 4
• C with a refrigerated centrifuge (Hunan Xiangyi Laboratory Instrument Development Co., Changsha, China). The final supernatant was used for G-actin assays. The protein content of supernatant was determined using a bicinchoninic acid (BCA) protein assay kit (Thermo Fisher Scientific, Waltham, MA).
Preparation of Cofilins and Tmods
The preparation of the whole proteins extraction was done as described previously by Cao et al. (2013) with slight modification. Muscle sample (1.5 g) was homogenized in 7 mL of RadioImmunoPrecipitation Assay (RIPA) buffer (50 mM Tris-HCl, 150 mM NaCl, 2 mM EDTA, 1% NP-40 (v/v), 0.1% SDS (m/v), 1% sodium deoxycholate (m/v) and 1 mM PMSF, pH 7.4) with a DY89-I high speed homogenizer (Scientz Co., Ningbo, China) for 3 × 10 s at 10,000 rpm while cooled in ice and centrifuged at 14,000 × g for 10 min at 4
• C with a refrigerated centrifuge (Hunan Xiangyi Laboratory Instrument Development Co., Changsha, China). The final supernatant was used for cofilins and Tmods assays. The protein content of supernatant was determined using a BCA protein assay kit (Thermo Fisher Scientific, Waltham, MA).
Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis (SDS-PAGE) and Western Blotting
The SDS-PAGE and western blotting were done to determine the levels of G-actin, cofilins, and Tmods as described previously by Cao et al. (2013) with slight modification. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH), with the molecular weight of 36 kDa, was used as internal control. Prepared proteins samples (50 μg) were run on a 12.5% SDS-PAGE and transferred to polyvinylidene fluoride membranes (Immobilon-P, Millipore, Billerica, MA). Membranes were blocked in PBST (2.7 mM KCl, 137 mM NaCl, 2 mM KH 2 P0 4 , 10 mM Na 2 HP0 4 , 0.05% Tween-20, pH 7.4) containing 5% fat-free dry milk for 1 h at 25
• C and incubated with primary antibody for 24 h at 4
• C. The primary antibodies of rabbit anti-actin (ab8227, 1:5000, Abcam, Cambridge, MA), rabbit anticofilin (ab135416, 1:1000, Abcam, Cambridge, MA), rabbit anti-tropomodulin (ab11062, 1:5000, Abcam, Cambridge, MA) and mouse anti-GAPDH (ab8245, 1:5000, Abcam, Cambridge, MA) were diluted in PBST solution containing 0.5% fat-free dry milk, respectively. The goat anti-rabbit HRP-conjugated secondary antibodies (ab97051, 1:10,000, Abcam, Cambridge, MA) and goat anti-mouse HRP-conjugated secondary antibodies (ab97023, 1:10,000, Abcam, Cambridge, MA) were diluted in PBST solution containing 0.5% fat-free (A) (B) Figure 1 . Changes of shear force and myofibrillar fragmentation index during conditioning.
a-e Identical letters in the line indicated that there were no significant difference in different groups in Figure 1A (P > 0.05).
a-i Identical letters in the line indicated that there were no significant difference in different groups in Figure 1B (P > 0.05).
dry milk, respectively. Membranes were incubated with secondary antibodies for 1 h at 25
• C. The blot was detected with the ECL Plus Western blotting detection kits (Amersham Biosciences, UK) according to the manufacturer's instructions. Specialized software and a microcomputer (Quantity One Software, Bio-Rad Laboratories, Hercules, CA) were used to quantify Western blot data. Data was shown as mean (n = 7) ± standard deviation. Mean with identical letters indicated that there was no significant difference in different processing points (P > 0.05). The comparison was carried out by the multiple-factors (treatments and storage time, including 2-way interactions) ANOVA procedure.
Statistical Analysis
All of data was presented as mean ± standard deviation. Statistical analysis was carried out by the multiple-factors (treatments and storage time, including 2-way interactions) analysis of variance (ANOVA) procedure (Duncan's Multiple Range Test) of SAS 8.0 software (SAS Institute Inc., Cary, NC) to analyze the changes and the difference of sarcomere length, MFI, Factin contents, express levels of proteins (G-actin, cofilins, Tmods) among 3 groups (control, 10 mM ATP and 20 mM ATP) during 168 h. The significant level was set as 0.05.
RESULTS AND DISCUSSION
The Changes of Shear Force during Postmortem Conditioning
The changes of shear force were shown in Figure 1A during postmortem conditioning. The values of shear force significantly decreased from 48 to 168 h in 20 mM group, at 96 and 168 h in 10 mM group, at 168 h in control group (P < 0.001), respectively. Among 3 groups, samples in 20 mM group showed lower values of shear force at 48, 96 and 168 h compared to control and 10 mM groups. The values of shear force in 10 mM group were significantly lower at 96 and 168 h than those of control group (P < 0.001). It implied that ATP marination can improve the tenderness of goose meat depended on ATP levels.
Higher ATP in breast muscles of electrically than nostun controls stunned birds, delays the onset of rigor, avoids heat shortening and improves meat tenderness (Bang Lee et al., 1979) . Nebulin and titin are significant component of the skeletal muscle, which extend from the Z-line to the free end of thin filaments of skeletal muscle and are closely associated with the thin filament (Mcelhinny et al., 2003) . Huff- Lonergan and Robson (1995) reported that the degradation of titin and nebulin was likely to influence tenderness as an important contributor to myofibrillar integrity during postmortem conditioning. In addition, their degradation could bare the scaffolding of actin and myosin filaments. In our results, ATP treatments showed lower values of shear force at 48, 96 and 168 h compared to control and 10 mM groups. It implied that ATP treatments contributed to meat tenderness.
The Changes of Myofibrillar Fragmentation Index (MFI)
The changes of MFI were shown in Figure 1B during postmortem conditioning. The values significantly increased from 24 to 168 h in all of treatments (P < 0.001) during conditioning. Among 3 groups, samples in 20 mM group showed higher values of MFI at 48, 96, and 168 h compared to control and 10 mM treatments. The MFI values of 10 mM group were significantly higher at 24, 48, 96, and 168 h than those of control group (P < 0.001).
MFI was a useful indicator to evaluate the extent of proteolysis and tenderization (Volpelli et al., 2005) . The destruction of myofibrillar integrity and the loosing of actin and myosin filaments during conditioning have been indicated to favor tenderization (Huff- Lonergan and Robson, 1995) . Olson and Parrish (2006) reported that the increase of MFI with aging might be related to the breaking of myofibrillar proteins into segments at or near the Z-disk during postmortem storage. In our results, the increase of MFI by ATP treatments contributed the improved tenderness.
The Changes of Sarcomere Length during Postmortem Conditioning
The changes of sarcomeres length were shown in Table 1 during postmortem conditioning. Sarcomeres length decreased from 0 to 168 h (P < 0.001) in control group. Sarcomeres length increased from 0 to 96 h, and then decreased from 96 to 168 h in 10 and 20 mM groups. The sarcomeres length values varied among various treatments with 20 mM group showing highest values, while control group remained the lowest values at 48, 96 and 168 h (P < 0.001).
ATP hydrolysis contributed to the dissociation of actomyosin from myofibrils and extension of sarcomeres length (Okitani et al., 2008) . Olson and Parrish (2006) and Ayala et al. (2010) suggested that the increase of MFI might be related to the loose of myofibrils in I band and Z-disk during postmortem storage. Nowak (2011) reported that endogenous proteases, including calpains and cathepsins, contributed to MFI values and meat tenderness. The higher MFI values in ATP groups could be attributed to longer sarcomeres length than control group, since contractive sarcomeres were difficult to be approached by endogenous proteases. Smulders et al. (1990) reported that the increase of sarcomere length was associated with the improvement of tenderness. Our results suggested that the longer sarcomeres in ATP groups caused lower shear force and higher MFI than control group.
Changes of F-actin and G-actin Content during Postmortem Conditioning
The F-actin content in different treatments was shown in Figure 2 during postmortem conditioning. F-actin content in all treatments had highest values at 0 h; it indicated a very low extent of F-actin depolymerization. The decrease of F-actin content was observed up to 24 h in all treatments, reaching the least values at 168 h (P < 0.001), respectively. 20 mM group showed lower content of F-actin at 24, 48, 96 and 168 h compared to control and 10 mM groups. In 10 mM group, the content of F-actin was significantly lower at 24, 48, 96 and 168 h than those of control group (P < 0.001).
The changes of G-actin (43 kDa) were shown in Figure 3 by western blot analysis during postmortem conditioning. The G-actin bands were no different among 3 groups at 0, 4 and 24 h. The G-actin bands significantly increased at 48, 96 and 168 h in 20 mM group, at 96 and 168 h in 10 mM group, at 168 h in control group, reaching the highest values at 168 h during postmortem conditioning (P < 0.01), respectively. The G-actin intensities of 20 mM group had higher values at 48, 96 and 168 h than those of control group (P < 0.01). The increased content of G-actin implied that F-actin of myofibrils could be depolymerized to G-actin during postmortem conditioning. In addition, ATP treatments accelerated the transformation from F-actin to G-actin.
Previous studies have shown that chemo attractant stimulation caused the changes of F-actin content in various cells and tissues (Watts et al., 1991) . The phallacidin-stained F-actin of cells and tissues is widely used to quantify the F-actin contents (Sampath and Pollard, 1991) . Em et al. (2000) reported that ATP hydrolysis played an important role in the actin filaments dynamics. Blanchoin et al. (2000) suggested that hydrolysis of ATP and release of inorganic phosphate promoted the dissociation of the filament branches and the disassembly of ADP-actin filaments. Rotsch and Radmacher (2000) implied that a gradual depolymerization of actin filaments occurred in the whole lamellipodium. Compared to control and 10 mM ATP treatments, F-actin content of 20 mM ATP group were significantly lower, which could be attributed to strong depolymerization or severance of actin filaments under high ATP concentration. Stukalin and Kolomeisky (2006) implied that the F-actin-ATP could be irreversibly hydrolyzed and transformed into free G-actin-ADP. Additionally, Okitani et al., (2008) demonstrated that ATP hydrolysis had an ability to liberate G-actin from myofibrils. The level of free G-actin and activity of cofilins could influence the dynamics of actin filaments when Tmods were inhibited (Yamashiro et al., 2008) . In our results, the increased G-actin levels of cytoplasm in ATP groups could be explained by the fact that F-actin was dissociated from actomyosin of skeletal muscle and then F-actin in sarcomeres underwent fast depolymerizing. In our previous study, we have demonstrated that the depolymerization of F-actin contributed to MFI values during conditioning (Zhou et al., 2016) . Therefore, we implied that the ATP marination of skeletal muscles could be directly contributed to the transformation of F-actin into G-actin and tenderization of goose muscle in a dose-dependent manner. Figure 4 showed the cofilins (19 kDa) in 3 treatments during postmortem conditioning. The cofilins levels significantly increased at 168 h in control group, while cofilins levels significantly increased from 96 to 168 h in 10 mM group, at 48, 96 and 168 h in 20 mM group, reaching the highest values at 168 h (P < 0.01), respectively. Compared to control and 10 mM groups, 20 mM group showed higher content of cofilins at 48, 96 and 168 h (P < 0.01).
Changes of Cofilins Levels during Postmortem Conditioning
Cofilins were ubiquitous actin-binding proteins, and were essential regulators of actin dynamics in all eukaryotes (Bernstein and Bamburg, 2010) . It play a key role in severing actin filaments and increasing the content of G-actin in actin dynamics (Gurniak et al., 2014) . Pope et al. (2000) demonstrated that cofilins bound at a a-e Identical letters in the line indicated that there were no significant difference in different groups (P > 0.05).
1:1 ratio to F-actin and induced depolymerization of filaments. Andrianantoandro and Pollard (2006) reported that cofilins preferred to sever the actin filaments and promoted the depolymerization of the pointed end of the filament in dose-dependent manner. Kremneva et al. (2014) reported that depletion of cofilins led to progressive disruption of the sarcomeric architecture and abnormal accumulation of F-actin in skeletal muscles. In our results, the increased content of cofilins during conditioning was similar to these reports by Hwang et al. (2005) , who demonstrated that cofilins levels of pig longissimus significantly increased from 1 d to 7 d during postmortem aging. Compared to control group, higher content of cofilins of ATP groups could contributed to depolymerization and severing activities. The difference of fluctuation between F-actin and G-actin among 3 groups was dependent on the activities of cofilins activities. Figure 5 showed the Tmods levels in 3 treatments during postmortem conditioning. Tmods levels significantly decreased at 48, 96 and 168 h in 20 mM group, at 96 and 168 h in 10 mM group, at 168 h in the control, reaching the least values at 168 h (P < 0.01), respectively. 20 mM group showed lower content of Tmods at 48, 96 and 168 h compared to control and 10 mM groups. At 96 and 168 h postmortem, Tmods levels of 10 mM group had lower values than those of control group (P < 0.01). It suggested that Tmods was degraded by some proteolysis enzymes and that ATP treatments accelerated their degradation during conditioning.
Changes of Tropomodulins (Tmods) Levels during Postmortem Conditioning
In sarcomeres, actin filaments fast-growing (barbed) ends are anchored in the Z-line. Their slow-growing (pointed) ends extend into the middle of the sarcomere, terminating at the H-zone. Myofibrillars actin filaments were extremely uniform in length but dynamic at their ends (Littlefield et al., 2001 ). Kostyukova et al. (2005) reported that Tmods interacted and capped actin ends, and that the actin filaments pointed ends with Tmods were more tight than bare actin ends. When Tmods were deficient, the structures of actin filaments were disrupted (Mudry et al, 2003) . Guillaud et al. (2014) indicated that Tmods were very susceptible to proteases. Gokhin et al. (2014) demonstrated that calpain activities were responsible for degradation of Tmods. Above all, previous studies suggested that ATP played a role in activating proteolytic activities of these proteases (Gonzalez et al., 2000; Wu and Tai, 2004) . In our studies, the decreased Tmods levels in ATP groups indicated that the pointed ends of actin filaments were dramatically disrupted and naked; the naked actin filaments were easy to be severed and depolymerized by cofilins. The degradation of Tmods could contribute to the dynamic of F-actin to G-actin and the improvements of tenderness.
CONCLUSIONS
During goose postmortem conditioning, ATP treatments significantly increased cofilins and reduced Tmods levels compared to control group. The changes of actin associated proteins weakened the ends of actin filaments and accelerated transformation of F-actin to G-actin. They contributed to high values of MFI and sarcomere length, and low shear force values. This work demonstrated that ATP treatments improved tenderization of muscles by the depolymerization of actin filaments, implying that it could be used meat processing in the future.
